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EXPLOSIVES. 

Nobel’s Explosives Co., Limited, Glasgow 
{Group XXV. No. 1899). 

Nitroglycerine has been successfully applied by 
Capt. Alfred Nobel to explosive purposes as effected by 
detonation, and to this end the method of manufac¬ 
ture involves important details. Specimens illus¬ 
trating (1) dynamite and blasting glycerino, (2) 
detonators, and (3) electric fuses, are shown, the 
products of the above well-known firm. 

The Schultze Gunpowder Co., Limited {Group 
XXV. No. 1900). 

Specimens are shown of tho Sclmltze's patent 
smokeless gunpowder, made from wood. It is a 
perfectly white substance, in a granulated form. 
Wood is rendered explosive by being nitrated, and 
the product is then granulated. Cartridges charged 
with it arc shown. 


ANALYTICAL CHEMISTRY. 

Arnold Eiloakt, London {Group XIV. No. 1407), 

Exhibit specimens of patent airtight stopcocks. 

Theso stopcocks wero devised principally to pre¬ 
vent tho possibility of leakage occurring in the 
manipulation of gases in chemical experiments. 
They aro simply ordinary stopcocks made airtight 
by means of a “ liquid joint” arrangement, so con¬ 
trived that the taps occupy no more space than the 
ordinary ones. 

In the earliest form, the caso of the tap was 
cupped at the top nnd closed at the bottom to 
receive liquid. ]lut the cheapest and best way of 
making tho chambers for liquid is to form annular 
rooves in the plug, one above and ono below the 
ore. Tho case into which the plug fits is then of 
tho common form. This tap can be used to closo 
cither a vertical or u horizontal tube. Leakage 
along tho tube to bo closed, round the plug, has still 
to be guarded ngninst. For this, taps aro shown the 
plugs of which have straight grooves at right angles 
to the two ring-grooves and joining them. (The 
plug may then be turned in only one direction to 
closo the tube, and back to open it.) It might be 
thought that in trying to fill these grooves, entirely 
closed in by glass as they appear to be, when tho 
plug is in position, a practical dilliculty must occur ; 
nut this is not so. 

Tho most interesting exhibit is a little arrange¬ 
ment which may in many cases be used instead of a 
stopcock, and is about onc-fifth the cost of one. 
Tins is a T-picco arrangement, of which one branch 



is a tube of half-inch boro into which a smaller tubo 
a is fusod at right angles; hulf-an-inch below tho 
joint tho wide tubo is open ; half-au-inch above tho 
joint it begins to taper off (at b). An indiarubber 


plug c, not tapering, and covered with a layer of 
mercury, is pushed upwards past the joint, and so 
completely smuts off the passage of gas from the side 
tube, into which also some mercury flows. The 
passage is opened by slightly lowering the plug. 
Thus the gas is never in contact with the rubber, 
but only with glass and mercury. 


Addendum to Redout ok the Exhibit of Messrs. 

Chapman ib Messel. (See r. 620.) 

MANUFACTURE OF ANHYDROUS SULPHURIC ACID. 

Dr. Messel mado his specific gravity determina¬ 
tions at the temperature of 80° F., whero all the 
anhydrides are liquid, though afterwards calculating 
the results of these to specific gravities at 00° F., 
when some of tho anhydrides become crystallised. 
It was thought that the readers of this report would 
be interested in comparing the actual table of results 
obtained at 80° F., and Dr. Messel has kindly fur¬ 
nished theso numbers. Tho complete table should 
therefore appear as follows :— 




Specific Gravities. 





Specimens. 

ofEOj 

At 80- F. 
(200* C.) 

Calculated to 
CO - F. tlo-j- C.) 

_ 

8‘3 

1-8(3 

1-852 


30*0 

1*930 

1*910 



M00 

rgiG 

1-970 

Crystalline mass 
resembling nitre 


11-5 

1W1 

1*975 


| 

14G-2 

1-DC3 

1D77 

— 

59-1 

1-9S0 

1-991 


| 

rC0-8 

1-992 

2'OOG 

Liquid. 


avo 

1-992 

2*000 


i 

IcD'I 

2*002 

2010 



r 72'8 

rm 

ross 

Crystallised. 


so-o 

l-'JM 

V07.1 



ls20 

rots 

roc? 


Communications. 


ON THE ESTIMATION OF SULFilUR IN 
FYRLTES, 

I1V JOHN CLARK, l’U.D. 

In the July number of tho Journal of the Society of 
Chemical ludmtiy (page -119), Prof. G. Lungo makes 
somo remarks on my process for the estimation of 
sulphur in pyrites, and states, ns his objections, that 
it estimates the sulphur in galena, and tho sulphates 
of lime and baryta, whilst in the wet process nearly 
tho whole of the useless sulphur is left behind in the 
insoluble; and I presumo that in his opinion this is 
tho cause of tho difference between tho wet and tho 
dry process. Now, tho samples of pyrites upon which 
I operated contained no weighablo quantity of sul¬ 
phate of barium, less than ono per cent, of lead, and 
from T to - 2 per cent, of lime. In fact, they wore 
typical samples of shipments of Spanish pyrites. I 
admit that tho sulphur in the galena and sulphnto 
of lime is estimated by my process, but it is also 
estimated by tho modification of tho wet process 
omployod by tho chemists of the Tharsis Company 
and by Mr. Tutlock, with which alone iny process has 
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been compared. The modification to which I have 
referred consists in treating the pyrites (twenty 
grains) with aqua regia, and after evaporating to 
dryness, dissolving in one ounce of hydrochloric acid, 
filtering, and making up with the washings to a bulk 
of thirty ounces. After adding the proper .quantity 
of chloride of barium and allowing the precipitate to 
stand, the clear liquid is decanted and the precipitate 
washed, first with thirty ounces of hot water con¬ 
taining 1500 measured grains of hydrochloric acid, 
and finally with thirty ounces of pure water. I think 
it will readily be admitted that with such quantities 
of acid and water, tho whole of the lead and lime 
usually present in Spanish pyrites will be found in 
the solution; so that the question at issue between 
my process and tho modification of the wet process 
is. in my opinion at least, really limited to tho solu¬ 
bility of the sulphate of barium in hydrochloric acid, 
and, whether rightly or wrongly, it is to this cause 
alone that I attribute the dill'ercnco in the results. 
Prof. Lunge may, perhaps, consider that this modifi¬ 
cation of the wet process is inferior to his own, and 
quite as objectionable as the dry process, but I would 
point out, what lie has already remaiked, that this 
modification gives very concordant results; whereas, 
even in the hands of such skilled analysts as the 
assistants of Frescnius, the wet process, ns described 
by Prof. Lunge, cannot be relied upon to within half a 
per cent, of sulphur. 

-- 

THE MANUFACTURE OF PHOSPHORIC ACID 
FROM PHOSPHORUS.—A lilUEP REVIEW 
OF THE METHODS IN USE AND A DE¬ 
SCRIPTION OF A NEW PLAN FOR THE 
PRODUCTION RY THE SLOW OXIDATION 
OF PHOSPHORUS IN MOIST AIR. 

1!Y ADOLl'H SOMMK11, 

University of CulifornUt, llirl.chy, Cal., U.S.A. 

Thf. author commences by a critical description with 
details of the various methods of manufacturing 
phosphoric acid from phosphorus itself, ns distin¬ 
guished from itsmanufneture from bone earth or glacial 
phosphoric acid. Eight processes are discussed, viz: 

(«) oxidation by burning in air; 

(A) ,, by strong llNOj lit a low temperature; 

(c) ,, by dilute 11N0 ; , at a high temperature; 

{il) ,, by Ur and water; 

(c) ,, by laud water; 

(/) ,, by dilute 11 NOj and a little Ur; 

in) >i •> >' ” >* »> I ’ , ,, 

(/i) ,, ,, >> •> ,, ,, 1 mid Hr. 

The conclusions of tho author as to these processes 
arc ns follows:— 

(<i) When phosphorus is burnt in air on a manu¬ 
facturing scale the operation is attended with dnugor, 
and the products of combustion are variable. At the 
same time this is tho only possible process if one 
desire to obtain phosphoric anhydride. 

(h) When strong HNO a ia used, as recommended 
by Yon Schroetter, the operation is attended with 
danger, unless tho phosphorus ho in the amorphous 
form, which materially adds to tho cost. 

(c) When excess of dilute HNO a at a high tempe¬ 
rature is employed, subsequent extraction of tho 
arsenic (a body invariably present) is rendered com¬ 
plex. This method is recommended by tho Pliuriim- 
copioias. 

((/) When excess of Br and water is used ns recom¬ 
mended by Wagner {Devi. I nil. 1875, p. 408). more 
11 Hr is formed than llaPO*. It is also costly ami 
dangerous. (See this Journal, 1884, p. 20.) 


(c) Tho same objections apply to the use of I and 
water unless iodides arc made a collateral object. (See 
Pettenkofer, in Ding/. ,/. 181, p. 218; and Attn, tier 
Gltcm. n. Pltys. 138, p. 51.) 

(/)-When dilute I1N0..„ with a little Br ns a carrier 
of oxygen, is employed, action censes when thoIINO n 
becomes very dilute, and heating tends to dissipato 
Br. 

(<t) The use of I 'in tho place of Br ns in ( f) has 
the advantage that 1 is less volatile, but in this case 
heating tends to convert the P into the amorphous 
variety. 

(//) The use of a mixturo of Br and I in the placo 
of the single element ns in ( J ~) and (;/) with dilute 
HNO a has been attended with fairly’good results. 
(See Mnrkoc in Am. JnL J’ltttrm, 1875.) 

All these methods, except (a), have one grent objec¬ 
tion in common:—viz., that tlie inevitable excess of 
: oxidising agent, whether HNO n , Rr, or I, has to bo 
j removed before the arsenic which is invariably present 
can be removed by Silo, or reduced into the metallic 
state. 

The author therefore gives his preference to slow 
oxidation at a low temperature by moist air, in which 
process there is no excess of oxidising bullies to retard 
the removal of the arsenic. 

Wenzejl (7 ‘roc. Am. I‘harm. Assoc. 1882, p. 55(i) 
was the first to pratically apply this property of phos¬ 
phorus. As early as 17!)G, Pelletier (Ures Did. Glum. 
1828, ]>. 07) lmd devised a process for the manufacture 
of “pliosplintic acid” by the slow oxidation of cylin¬ 
ders of phosphorus disposed each in a glass tube 
drawn out at one end to a fine orifice. These glass 
tubes, to tho number of 30 or 40, were placed in a 
funnel the beak of which was passed into n liottlo 
! standing in a lilnte of water, nnd the whole was 
i covered with a bell-glass with inlet nnd outlet for a 
j small current of air. The phosphorus slowly oxidised, 
and the product deliquesced and dripped into the 
bottle. This “pliosplintic acid" was proved to be a 
mixture of phosphorous nnd phosphoric acids by The- 
nnrd, Diiltmgnnd Leverricr (Anit. Glum. it. 1‘hys. 07, 
278), but the simultaneous formation of ozone, per¬ 
oxide of hydrogen, and ammonium nitrate was only 
recently observed, prominently by Scliiinbein and 
Leeds ( ,/ovrn. A in. Glum. Hoc. iii. 0). Bucliliolz (Jidtr. 
ittr Driedl. tier Glum. i. 03) first recommended the 
production of H ; ,P0 4 from this body by heating with 
HNO;j. A, Vogel ( Gindin , vol. ii. Loud. 1849, i>. 121) 
and Liebig (lb. p. 128) proposed methods for the eli¬ 
mination of the nrseme, invariably present. 

Tho author first adopted a modified form of tho 
process of Wcuzcll (v.s.). In a shallow trough fitted 
with a porous cover were placed horizontally cylinders 
of phosphorus supported on strips of plates glass, and 
ns much distilled water as would suffice to leave about 
onc-ciglitli of an inch of the phosphorus nbovo water. 
In three or four days tho phosphorus was found to bo 
enten away down the surface of the water. Portions 
of tiro liquid were then successively withdrawn until 
tho whole of the phosphorus was dissolved. In order 
to rcduco the nrsenious acid to metallic arsenic,the acid 
liquid thus formed was heated in a disli to 190° C., at 
which temperature bubbles of hydrogen phosphide 
were evolved, marking tho completion of tho opera 
tion. The reaction is expressed by tho following 
equations;— 

(<i)4H,R0 ;i =3TL l r0 4 +H,R. 

(6) 3lJ a PO a + 2H 3 AsO a =30II 2 + 3lT a PO.| 4 -AsCL. 

After cooling tho liquid was filtered and any further 
traces of phosphorous acid were oxidised by 11N0 ; , 
or Br. 

Tho tediousnesB of tho abovo induced the author 
to devise a new process. A glnss jar, in which rested 
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a funnel, was placed in a tin can fitted with a cover 
through which passed a thermometer, the bulb of 
which descended into the funnel. By an arrangement 
of holes in the cover a regulated supply of air was 
admitted,and the inside of tliccan was lined with cloth, 
thccapillary action of which served to convey suffi¬ 
cient moisture to tho air of the can from a measured 
quantity of water, proportionate to the quantity of 
phosphorus to be oxidised, placed in the bottom. The 
cylinders of phosphorus wero disposed in the funnel 
and tho bulb of tho thermometer buried among them, 
an atmosphere of CO., being used to ensure safety 
during this part of the operation. According as 
tho temperature ranged above or below 35° C., less 
or more air was admitted until tho temperature 
remained constant, in which state tho oxidation was 
left to complete itself. When finished, if properly 
performed, the phosphorus was found to have 
completely disappeared, and the jar contained a 
mixturo of phosphorous and phosphoric acids which 
wero treated ns above described. 

For the construction of a continuous and trans¬ 
parent oxidising chamber, preferably one of white 
and very clear glass is selected, and the bottom very 
carefully cut off. This is best dono by means of 



i.'-agjffT'Mwragsg 1 . 

(/) runnel (Uloil with 1*. 
ft) Thermometer. 

(p) Flower put. 

1 J) GlnsjCjur. 

(n>( Witter. 

(fi) llottlo (Inverted). 

(«) Perforated stopper. 

(l/l Glass cylinder. 

(>■) Strip of panor glued ovor tho 
out In the bottle. 

specially-prepared carbon pencils mado of powdered 
charcoal, saltpetre and tragacanth. A common 
unglazed (lower-pot, tbo largest that will go into 
the bottle, is insetted into the open bottlo so that 
the bottom of tho llowor-pot is directly over and in 
contact with tho neck of the bottle. A funnel, tho 
conical part of which is at least an inch shorter than 


the flower-pot, is then inserted in such a way that 
the funnel-tube passes through the bottom of the 
flower-pot and the neck of the bottle. Into tho neck 
of tho bottlo tlie funnel-tube is securely fastened by 
means of a perforated paraffined cork, which must bo 
water-tight. 

This portion of the apparatus is then placed, neck 
downward, over a large glass jar in which stands a 
narrow cylinder filled with water. The cylinder is 
to bo in such a position that the end of tho funnel- 
tube will dip into the liquid contained in the cylinder. 

Through the centre of the bottom, which was cut 
off the bottle, a hole of at least J of an inch in 
diameter is drilled. The bottom is then put into its 
original position on the bottle and fastened by 
gluing strips of paper over the joint. The hole in 
the bottom is loosely closed by a cork through which 
passes a thermometer. When tho oxidising chamber 
is thus completed the cork is removed, and by moans 
of a funnel, having a long bent tube, water poured 
into tho space between the walls of the bottle and 
the flower-pot, until its level is within a short dis¬ 
tance from the upper edge of the funnel within the 
flower-pot. Then a tube connected with a carbonic 
acid generator is inserted into tho holo and carbonic 



(/) Funnel filled with P. 

(/) Tliermomoter. 

(;)) Floivor pot. 

( J) Gusajnr. 

(to) Water. 

! [/) Pent Klasa tube. 
h) Perforated stopper 
c) Tin pan, 

acid gas passed into tho oxidising chamber. When 
the air within has been entirely displaced by tbo gas, 
sticks of phosphorus are dropped through tho holo into 
the funnel until tho latter is nearly filled. Tho tliormo- 
ineter and cork, in tho sides of which a few notches 
liavo been cut, aro then plneed into position and tho 
apparatus allowed to stand for about twenty-four 
hours. If at tho ond of this timo the tomuorature of 
the P is bolow 35° C., a little more ventilation may 
bo given by enlarging tho notches in tho cork. 
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The flower-pot in this apparatus performs the same 
function as is fulfilled in the former by the cloth 
lining—namely, that of absorbing the water and 
moistening the air. The acid which is formed runs 
first into the small cylinder and thence into the glass 
jar which serves as receiver. Whenever it is seen that 
that the phosphorus is nearly consumed or tho water 
evaporated, a fresh supply is added through the hole 
without taking tho apparatus apart. 

A still simpler form of a continuous oxidising 
chamber I have constructed in the following manner: 
Through the bottom of a tin pan a hole of about lin. 
in diameter is cut and a tubo of tinned iron about 
Ain. long soldered into it. By means of a perforated 
cork a funnel is fastened into this hole so that the 
fu.inel-tubo passes through the bottom, while the 
body of the funnel is inside of the tin pan. Into the 
end of the funnel-tube is inserted and fastened by a 
bit of rubber-tubing, a glass tube bent in a half-circle. 
A. common unglazed (lower-pot is inverted over the 
body of tho funnel and a cork with a thermometer 
inserted into the hole, which is in the bottom of the 
flower-pot. The whole apparatus is thou placed over 
a glass jar and some water poured into the tin pan. 
After the pouring of a few' drops of water into the 
funnel, whereby the bend of the glass tube is closed 
against a downward escape of gas, the filling of the 
apparatus with carbonic acid and phosphorus is pro¬ 
ceeded with in the same manner as has been mentioned 
under tho description of the previous apparatus. 
When a very large quantity of phosphoric acid has 
to be made, a number of funnels may be fastened 
into the bottom of a wooden water tank, and each of 
them provided, as above described, with a bent glass 
tube, glass receiver and flower-pot. 

The rate at which the phosphorus is oxidised by my 
method is a comparativelyslowone. In an apparatus of 
style 1. in which the temperature was kopt on ah average 
lrhiglierthanthatof thcsurroundingair,and tlioplios- 
phorus, which was in the form of a solid cake of nearly 
pin. in diameter, exposed a surface of about 18 square 
inches, the phosphorus was oxidised at the rate of 
about lOgrin. n-aay. 

The difference between the inner and outer tem- 
eraturo does not seem to bo affected to any extent 
y an increase or decreaso of the prevailing tempera¬ 
ture, for nearly 200 observations, which were taken at 
temperatures of the atmosphere ranging from 10° 
to 22° C., gave, while all other conditions remained 
equal, an almost constant diiierence. 

_ The acid which collects in tho receivers has a spe¬ 
cific gravity of about 1 - -18, and is composed mainly of 
phosphorous and phosphoric acids in the proportion 
of 1 to 4, besides water. Tho exact composition 
differs with circumstances, and the determination 
of these circumstances may bo tho subject of some 
futuro paper. 

The further treatment of this acid is in overy 
respect tho samo as 1ms already been described under 
Prof. Wcnzell’s process; but an acid prepared by my 
method has this great advantage over the one pre¬ 
pared by tho former process, that it is already highly 
concentrated and requires very littlo evaporation 
before tho arsonious acid is reduced. 

-- 

THE OXIDATION OF PHOSPHOROUS ACID 
TO PHOSPHORIC ACID RY MEANS OF 
JHtOMINE.—HROMHYDRIC ACID A BY¬ 
PRODUCT. 

BY ADOLPH SOMMER, 

Untcersitu of California, JJcrkeleu. Cal, U.l S'.H. 

The product of tho slow aorial oxidation of phos¬ 
phorus contains about one molecule of phosphorous 


acid to four molecules of phosphoric acid, and besides 
theso some impurities, such as arsonious acid and 
others, mostly derived from tho phosphorus. Of 
theso impurities, the arsonious acid is particularly 
objectionable, and must bo removed before tho pro¬ 
cess of oxidising is entered upon. Tho removal of 
the arsenic, as has been described in my article on 
“The Manufacture of Phosphoric Acid from Phos¬ 
phorus,” is best effected by heating tho acid to 
190’ C., subsequently diluting and filtering, after 
which the acid is ready to be oxidised. 

Heretofore nitric acid 1ms been tho only substnneo 
employed for this purpose; hut since tho price of 
bromine lias become so low (about thirty-five shil¬ 
lings per lb., in five-lb. bottles), that its cost is no 
longer prohibitory to its employment in tho indus¬ 
tries ; and, furthermore, sineo tho value of hydro- 
bromic acid has been recognised both in analytical 
chemistry as well as in therapeutics, it may prove 
advantageous to substitute bromine for nitric ncid in 
the oxidation of phosphorous to phosphoric acid. 

From the equation— 

IIjI’Oj+Br,+II..0 = I I,P0 4 +211 Ur 
S2 159-5 18 9S 101*5 

it will be seen that it requires nearly two parts of 
bromine to every ono part of phosphorous acid. Hut 
tho total acidity of tho mixture of phosphorous and 
phosphoric acids, when of a sp. gr. of 1-J8, is about 
sixty-six per cent., the composition of which approxi¬ 
mates the proportion of ono molecnlo (or twelve per 
cent.) HjPOa to four molecules (or fifty-four per cent.) 
IljPOi. To convert tho twelve per cent, of phos¬ 
phorous acid into phosphoric acid would require 
theoretically 2x12 = 24 per cent, of Ur. This result 
agrees very closely with that obtained in practice 
"Ron it was found that with an ncid of a sp. gr. of 
about 1 ‘48 there was needed a little over one-fourth 
of its weight of Hr to complete its oxidation. This 
operation may bo performed after tho arsenic has 
been removed, cither in a bottle containing the acid 
and Br by shaking this mixture from time to timo 
(it must, however, not be shaken too often nor 
too much at one time, since a considerable amount 
of beat is liberated by the reaction, which may 
easily reach the boiling point of Bromine 93° G\), or it 
may bo accomplished moro rapidly by pouring the 
two substances into a retort, and keeping the mix¬ 
ture agitated by slowly passing air through it. in 
order to prevent any Bromine vapour, which is carried 
off by tho air, from contaminating the atmosphere of 
tho laboratory, I cause tho air which escapes from 
the retort to pass through two bottles containing a 
solution of caustic potash. Wlion tho mixture is 
no longer decolourised on standing for about twelve 
hours, out retains a permanent ornngo colour, which 
is due to an excess of Br, the oxidation may be con¬ 
sidered completed. Tho excess of Br is best removed 
by tho addition of a small portion of the unoxidised 
mixture of acids, which lias been reserved for this 
purpose. 

There remains then only the separation of tho 
bromhydric acid from tho phosphoric acid, which is 
accomplished by a distillation in a retort from an 
oil hath. Tho precautions which liavo been pointed 
out in a previous article on tho manufacture of 
bromhydric ncid, in regard to its liability to dccom- 
losition by organic substances, have to bo observed 
tero. Tho mere insertion of the neck of tho retort 
into a woll-cooled recoivcr is sufficient. Neither 
luting nor nthbor connections are necessary. The 
first portion which comes over consists principally of 
water (und Br, if this has not been romoved in tho 
limnnor stated abovo), and should bo withdrawn 
boforo tho bromhydric acitl, which does not ovapornte 














